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in an ordeérly arrangement and are considerably higher
than the vegetative temperature line. In figure 3 the
average length of the potential growth, or vegetative,
period is compared with the average frostless period for
the same belts that were used in the construction of
figure 2. This shows graphically for the several belts the
effect of killing frost mn shortening the potential vegeta-
tive period in so far as plants that are susceptible to frost
damage or destruction are concerned.

Charts VI and VII show, respectively, the average
number of days by which the ¥ot-ential growing season
is shortened in spring and in fall by frost. Chart VI
indicates the average number of days in spring after
the vegetative temperature period is reached until the
average date of the last killing frost, while Chart VII
shows the average number of cﬁmys the first killing frost,
in fall occurs before the mean daily temperature falls
below the vegetative value. It will be noted that the
spring and fall charts correspon: to a remarkable degree.

Chart VIII shows the total number of days that the
average frostless season is shorter than the vegetative

eriod. It indicates that the only locality in which the
rostless season is longer than the vegetative period is
comprised in a small area along the North Pacific coast,
In most of Washington, portions of upper Michigan, and
much of Minnesota, as well as along the North Atlantic
seahoard, killing frost shortens the vegetative period by
less than 20 days, but in much of the central portion of
the country the difference in the two periods ranges from
40 to 60 days. From Virginia, Kentucky, Missouri,
and Oklahoma southward this difference increases rapidly
from 60 to more than 100 days in the northern portions
of the Gulf States. Southward from the upper Missis-
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sippi Valley to southern Arkansas the difference increases
from 20 to 100 days, ov from less than one to more than
3 months.

Figure 5 shows for (leveland, Ohio: Wichita. Kans.;
and Atlanta, Ga., representing, respectively, regions of
small, moderate, amd large variations, the relation of the
frostless season to the vegetative period for cach of the
20 yvears from 1898 to 1917, inclusive. The dots repre-
sent the dates of the last killing frost in spring and the
first in fall and the horizontal lines connecting the dots
show the length of the frostless season for each year.
The average dates on which the vegetative period is
reached in spring and passed in fall are shown by the
vertical dash lines.

This graph permits an interesting comparison between
conditions existing in the vicinity of Cleveland and those
near Atlanta. In the former locality the average frost
dates agree closely with the vegetative temperature
dates, and consequently the potential growing season is
not materially shortened by the occurrence of frost. Pro-
tection of truck crops from frost in this locality, there-
fore, would be of less value in lengthening the growing
season than farther south. In the vicinity of Atlanta,
however, the vegetative period is much longer than the
frostless period, and consequently hardy vegetation,
such as winter grains and grasses, has a much longer
growing season than has vegetation susceptible to frost
damage. It follows that frost protection can be much
more profitably practiced in northern Georgia than in
northern Ohio. gout.-h of Atlanta, the mean daily tem-
peratures remain above the vegetative value throughout
the year, which makes an even greater contrast between
the potential vegetative and frostless seasons.

WEATHER CONTROL OF THE PERIODICAL CICADA.
By WiiLis E. Hurp.

[Dated: Weuther Bureanu, Washington, D, C., Mar. 29, 1919.]

Mr. Dixon Merritt characlerizes the periodical cicada,
more popularly known as the 13-year or the 17-vear
locust, as ‘‘the most interesting insect in the world."!
This interest must lie in the fact of its peculiar life his-
tory, particularly its long period of hibernation at a
depth of 6 to 24 inches, or sometimes more, under the
surface of the ground, and also more or less in its some-
what thrilling musical habits during the few days al-
lowed it in which to dwell amongst the haunts of men.

Comparatively little data have been collected concern-
ing the weather control of this insect, but sufficient in-
formation is at hand to permit of some generalizations as
well as theories on the subject. The 17-year cicada is
largely an inhabitant of the northern States, while its
13-year relative is quite as exclusively confined to the
South. Since these insects are physically identical,
except in one or two minute particulars, 1t was very
reasonably suggested that the southern type probably
emerges from the nymph state four vears the earlier
only because of the more favoring climate, since the
warmer the weather in general the more is the develop-
ment of the individual facilitated. However, there are
no intermediate zones of development graduating from
one of a 13-year period along the southern borders of
the Gulf States, to another of a 17-year period along the
Canadian border, and the two brood types do not change
the length of their hibernation periods, except for sligﬁt
individual and local diversions, even in the median
regions where they overlap. As early as 1881 and 1885

1 The ~17-Year Locust™ in 1919. 7. 8. Dept. of Agr. Uire. 127, p. 1.

Prof. Riley made experiments® with the two varieties to
determine whether each, if transplanted from the outer
extreme of its own to that of the other’s habitat, would
change its date of emergence to conform to that of the
other under the widely differing climatic influences.
When the times of emergence arrived, trained observers
kept watch of the areas where the little colonies had
been transplanted, but unfortunately they obtained no
positive results upon which to base definite conclusions.
So far as weather or climatic control of the cicada is
concerned, however, the following concrete rules may be
accepted:

ith climatic conditions normal, broods will appenr
according to scheduled time.

With climatic conditions abnormally warm or cold
during the period of hibernation the broods may appear
a few days carlier or later than the scheduled time.

In addition, cool weather intervening while the broods
are emerging will cause a delay in the appearance of
those not already arrived.?

The southernmost members of a brood will sometimes
a-})pea.r from a few days to three or four weeks in advance
r;. the northernmost, depending upon temperature con-
ditions,

Some interesting instances of accelerated emergence
have been ohserved. At Belvidere, IIL,* an old apple
orchard, in which a swarm of cicadas had lived in 1888,
was grubbed up a few years later and the ground covered

? The Perindical Cicada. C. L. Marlatt,
3 Ihid., p. 9,
4 Thid., p. 4.

Rur. of ¥nt. Bul. No. 71, pp. 18-20, 1907,
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with greenhouses. This area was thus artificially warmed
and protected, and the hibernating insects indwelling
due to emerge in 1905, uppeared a year earlier in quanti-
ties in the greenhouses. At Alton, Il a certain soil
area was equipped with underground flues for forcing
vegetables, and the heat caused the cicadas within
Kifmge of its influence to appear in March instead of in
¥ &Y.

Frost may play an important part in the control of
this insect. The story of a 13-year swarm known as
brood 19, which appeared in Tennessee in 1894, is an
interesting one, and the concluding chapter is expected
to be read in 1920. Light frosts occurred in the eastern
and central portions of the State on May 29, 1894, while
the cicadas were coming forth, and large numbers of
the tender arrivals perished from cold without laying
eggs. Singularly enough, upon the reappearance of the
brood in 1907, on the 28th of May, frosts were even more
widespread than in the preceding instance, and such

3 Thid., p. 90.
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numbers of the insects were destroyed that very few if
any of their descendants may remain to greet the inter-
ested observers from the Department of Agriculture who
will watch for them next year.

There are many cicada broods in various stages of
development under the soil of the United States, and
the largest of the 17-year broods is preparing to appear
over a considerable territory east of t%e ississippi River
this spring. The nymphs are already lying near the
surface in and about the District of Columbia, awaiting
the time to erawl forth into the daylight and scramble
for trees and hushes in which to shed their pupal skins.
The usual time of appearance is during the last week
or ten days of May, but some entomologists are wonder-
ing if they may not arrive a few days earlier than usual
this spring, owing to the extraordinarily open winter.
Still, it is also suggested, and that by one of our meteor-
ologists, that the probable more rapid development of the
insects this year may go only toward offsetting the as prob-
able retardation due to the cold of the preceding winter.
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